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ABSTRACT 
The effect of surfactant structure on enzyme stability in heavy duty 
laundry liquids was investigated. Surfactants studied were alcohol 
ethoxylates and anionic surfactants having varying hydrophobic and 
hydrophilic types and chain lengths. Enzymes used were proteases 
and amylases. The results showed these enzymes were considerably 
more stable when formulated into laundry liquids containing alcohol 
ethoxylates and ethoxysulfates than when formulated with alcohol 
sulfates and suffactants containing sulfonate groups such as linear 
alkylbenzene sulfonates and alpha olefln sulfonates. Enzyme sta- 
bilizer systems were only partially effective in reducing the enzyme- 
deactivating influence of sulfonate-containing surfactants. 

INTRODUCTION 

Enzymes have been used in laundry detergents for over 50 
years, originating in Germany in the early 1930's (1). These 
enzymes were mostly proteolytic-attacking proteinaceous 
material arising from stains such as blood and milk. In the 
U.S., enzymes achieved significant growth in the 1960's in 
laundry powders but lost market share due to the dusting 
problems experienced in detergent manufacturing plants 
and the resulting health questions raised. However, enzyme 
encapsulation techniques have minimized toxic effects from 
enzymes, and they are used safely today both in detergent 
Presented at the AOCS meeting in Dallas, May, 1984. 

manufacturing plants and in home consumption. The safe 
use of enzymes in laundry detergents has led to incorpora- 
tion of enzymes in well over 50% of all laundry detergents 
used in Europe. 

Although enzymes are not used as extensively in laundry 
products in the U.S. today as they are in Europe, they were 
reintroduced into some U.S. laundry powders in the late 
1970's. Over the past several years, enzyme growth in the 
U.S. has been greatest in the unbuilt laundry liquid sector 
where both proteolytic and amylolytic enzymes have 
appeared. Two major factors have been responsible for this 
growth. First, use of laundry liquids themselves grew signi- 
ficantly over the past 15 years, to about 25% of the house- 
hold laundry market, mostly as a result of decreased phos- 
phate use in detergents. Second, energy saving considera- 
tions have resulted in lower washwater temperatures, 
prompting a search for additives like enzymes which can 
compensate for poorer performance at cooler temperatures 
(2,3). 

The use of enzymes in l~undry liquids reduced the pos- 
sible residual dusting problems posed by granulated enzymes 
in laundry powders. However, this new use creates the 
problem of enzyme shelf stability in an aqueous medium. 
The presence of water tends to accelerate the rate of enzyme 
deactivation. In addition, the choice of a proper surfactant 
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becomes critical in an aqueous environment, because the 
surfactant system and the enzyme have the capability of 
interacting. If the surfactant is deactivating, as for example 
dodecyl sulfate (4,5), enzyme deactivation can proceed at 
a more rapid rate, making it difficult to obtain a liquid 
product in which the enzyme has a reasonable shelf life. 

The major surfactants used in U.S. laundry liquids are 
alcohol ethoxylates (AE), linear alkylbenzene sulfonates 
(LAS) and alcohol ethoxysulfates (AES). This paper dis- 
cusses a systematic study of the effect of these and other 
potential surfactants on the stability of enzymes in laundry 
liquids. The focus of this work has been to begin elucidating 
surfactant structural features which minimize enzyme 
deactivation in aqueous media, 

EXPERIMENTAL 

Surfactants and Enzymes Used 

Table I lists the anionic and nonionic surfactants used in 
these enzyme stability studies. The anionics were composed 
of four hydrophilic types: 

• Sodium sulfonates (Ct2 LAS [Witconate® 1260, Witco 
Chemical Corp.], C141eAOS [Bioterge® AS40, Stepan 
Chemical Co.], SXS [Witconate® SXS, Witco Chemical 
Corp.] and CIalsPS [Hostapur® SAS 60, American Hoechst 
Corp.]) in which the sulfonate moiety is bonded to a carbon 
atom of the hydrophobe. 

• Sodium alcohol ethoxysulfonates (AE 25-3 sulfonate 
and AE 25-16 sulfonate) in which the sulfonate moiety is 
bonded to a carbon atom of the hydrophile. These are not 
commercial products and were prepared in the laboratory 

quantities by nudeophilic substitution reactions in which 
Na2 SO3 was reacted with the appropriate alcohol ethoxy- 
sulfate. 

• Sodium alcohol sulfates (Cnls AS [prepared by SOs 
sulfation of Neodol® 25 alcohol manufactured by Shell 
Chemical Co., followed by neutralization with NaOH], SDS 
[Aldrich Chemical Co.] ) in which an oxygen atom of the 
sulfate moiety is bonded to a carbon atom of the hydro- 
phobe. 

• Sodium and ammonium alcohol ethoxysulfates (AE 
25-3S [Neodol 25 ethoxysulfates, Shell Chemical Co.], 
AE 25-3A [Neodol 25 ethoxysulfates, Shell Chemical Co.] ) 
in which an oxygen atom of the sulfate moiety is bonded to 
a carbon atom of the hydrophile. 

The nonionic surfactants were alcohol ethoxylates 
(Neodot 25 ethoxylates, Shell Chemical Co.) with varying 
hydrophobic and hydrophilic chain lengths. 

Enzymes used in these studies were composed of two 
liquid proteases (Esperase® 8L, Novo Laboratories, Inc., 
and Maxacal® L300,000, G.B. Fermentation Industries, 
Inc.) and two liquid amylases (Termamyl® 120L, Novo 
Laboratories, Inc., and Maxamyl® WL7000, G.B. Fermen- 
tation Industries, Inc.) having the activities listed in Table II. 

Enzyme Assays 
Protease assays were based on a Novo modification of 
a literature method (6). In this modification, the protease 
is allowed to hydrolyze azocasein for 30 rain at 40 C. 
Undigested protein is precipitated with trichloroacetic acid, 
and the quantity of digested products is determined by 
spectrophotometry using a calibration curve obtained with 

TABLE I 

Suffactants Used in Enzyme Stability Studies 

Active 
Surfactants Source matter, %w General chemical structure 

Anionies 

C12LAS (Ct2 linear alkylbenzene Witco 33 
sulfonate) a 

Ct4-~sAOS (Ct4-t~ alpha olefin Stepan 39 
sulfonate) a 

SXS (xylene sulfonate)a 

C13-1a pS (Ct3-1s paraffin sulfonate)a 

AE 25-3 Sulfonate (Ctz-ls alcohol 
3EO sulfonate) a 

AE 25-16 Sulfonate (Cx2_1 s alcohol 
16EO sulfonate) a 

SDS (dodeeyl sulfate)a 

CI~_IsAS (C12_15 alcohol sulfate) a 
AE 25-3S (Ct2_is alcohol 3EO sulfate) a 

AE 25-3A (C12_ts alcohol 3EO sulfate) c 

Nonionics 

AE 91-6 (Cg_tt alcohol ethoxylate -6EO) 
AE 25-7 (C12 is alcohol ethoxylate-TEO) 
AE 25-9 (C12_-ts alcohol ethoxylate-gEO) 
AE 25-12 (Cla_~s alcohol ethoxylate- 

12EO 
AE 25-18 (Clz_ls alcohol ethoxylate - 

18EO 

wltco 4o 

Hoechst 64 

Shell b 67 

SheU b 71 

Aldrich 98 

Shell b 32 
Shell 60 

Shell 60 

Shell 100 
Shell 1 O0 
Shell 1 O0 
Shell 100 

Shell b 100 

R•SO30Na @ 

RCH = CH 2 SO a ONa@ + RCH'CH 2 SO~ ONa @ 
1 

Ha C ~ S O a  eNa OH 

R~H-SO 3 eNa*  

CHa 

RCH 20(CH 2 CH 2 0)~ CH 2 CH 2 SO 3 @Na @ 

RCH 20(CH 2 CH= O)l~ CH 2 CH 2 SO 30Na @ 

ROSO 30Na@ 

ROSO~ ONa@ 
RO(CH~ CH 2 0)2 CH 2 CH 2 OS03 ONa@ 

RO(CH 2 CH 2 O)= CH2 CH z OSO3 eNH4 @ 

RO(CH 2 CF! 20)  6 H 
RO(CH~ CH 20)~ H 
RO(CHaCH20)9H 
RO(CH 2 CH 20)z~ H 

RO(CH 2 CH 20)ls  H 

aAs sodium salt. 
bNot produced commereiaUy. 
CAs ammonium salt. 
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TABLE II 

Liquid Enzymes Used in Enzyme Stability Studies 

Type Source Activity 

Protease Nero 8 KNPUa/g . 
Protease G.B. Fermentation 300,000 ADUD/g 
Amylase Novo 120 KNUC/g 
Amylase G.B. Fermentation 7,000 TAU it/g 

aKNPU = Kilo Nero Protease Units, a Nero Industries designation 
for protease activity. 
bADU = Alkaline Delft Units, a G.B. Fermentation Industries desig- 
nation for protease activity. 
CKNU -- Kilo Nero Units, a Nero Industries designation for amylase 
activity. 
dTAU = Thermal Amylase Units, a G.B. Fermentation Industries 
designation for amylase activity. 

a protease standard. 

Alpha amylase assays were obtained using a Nero pro- 
cedure. In this procedure, a cross-linked, water-insoluble, 
blue-colored starch polymer is used as substrate. This starch 
polymer is mixed with bovine serum albumin and a buffer 
substance and tableted. After suspension in water, the 
starch is hydrolyzed by the alpha amylase, giving soluble, 
blue-colored fragments. The absorbance of the resulting 
blue solution, measured spectrophotometricaUy at 620 nm, 
is a function of the alpha amylase activity. 

Enzyme assays described above had a precision of -+8% 
of the amount present. 

Enzyme Detergency Tests 

Enzyme Test Clotbs. Reflectance swatches--EMPA 116 
cotton swatches stained with blood, milk and ink purchased 
from Testfabrics, Inc. Reflectances were read before and 
after washing, using the Y-scale of a Gardner XL-23 Colori- 
meter. 

Radiolabeled blood-Permanent press polyester-cotton 
swatches were soiled with rabbit blood containing s9 Fe in 
the hemoglobin. The s9 Fe was incorporated by administer- 
ing intravenously a solution of s9 Fe-ferrous citrate (1 mCi, 
37.6 /aCi/mg of S9Fe) in 1 ml of  a 1% aqueous citric acid 
solution (purchased from New England Nuclear, Boston, 
Mass.) until the specific radioactivity of  the blood reached 
0.25/~Ci/ml. Radioactivity levels were monitored in whole 
blood and on fabric before and after washing, using a Beck- 
mann Gamma 8000 gamma counter. A more complete 
description of the use of this radiolabeled blood will be 
presented in a future publication. 

Washing tests were performed in a Terg-O-Tometer using 
1.0 g/1 of liquid laundry detergent in 500 ml HzO contain- 
ing 150 ppm total water hardness (calculated as CaCO3 
containing a Ca/Mg molar ratio of 312). Washwater tem- 
perature was 38 C. Two soiled swatches were deployed in 
each Terg-O-Tometer beaker, and all experiments were per- 
formed in duplicate. Least significant differences between 
any two average values at the 95% confidence level (LSD9s)  
were determined using a computer program which calculated 
variances and utilized a 2-tailed t-test to determine the LSD. 

Formulations 

Formulations were prepared using surfactants, ethyl alcohol, 
stabilizers where indicated, and H20 buffered to pH levels 
indicated using appropriate quantities of 0.1 molar tris- 
(hydroxymethyl) aminomethane and 0.1 molar HCI. 

Formulations for stability testing of enzymes were 
placed in a constant temperature water bath at 37 C and 
aliquots removed for enzyme assays at the times indicated. 

RESULTS AND DISCUSSION 

Stability of Enzymes 

A comparison of the stabilities of the protease and amylase 
enzymes used in these studies is shown in Table III at two 
pH levels using a laundry liquid containing 30% of a 3/1 
AE/AES surfactant system. As shown, the proteases showed 
essentially equivalent stabilities at both pH levels, while one 
of the amylases provided somewhat greater stability in this 
laundry liquid system than the other. The most stable of 
these enzymes was generally used in these studies. 

TABLE IH 

Comparison of Stabilities of Protease and Amylase a from Different 
Commercial Sources 

% Enzyme stability, 
Enzyme pH 37 C/14 days 

Protease 1 7.5 79 
Protease 1 9.0 88 

Protease 2 7.5 84 
Protease 2 9.0 86 

Amylase 1 7.5 57 
Amylase 1 9.0 64 

Amylase 2 7.5 44 
Amylase 2 9.0 33 

aFormulation: AE 25-7, 22.5%; AE 25-3S, 7.5%; ethyl alcohol, 10%; 
enzyme 1.0%; H20 (pH = 7.8), 59%. 

Effect of Initial Protease Concentration on Stability 

Since laundry liquids with varying initial enzyme concentra- 
tions were used in these studies, a brief investigation on the 
effect of initial protease concentration on protease stability 
was determined. The results plotted in Figure 1 indicate 
that % protease stability is not dependent on initial protease 
concentrations in the 0.25-5.0% range. 

100 

80 

60 

Protease 
Stability. 

% 

40 

2 0 - -  

0 
0 

Initial Protease 
Concentration, °/ow 

00.25 
A 1.00 
03OO 
V 5.00 

Formulation 
22.5% AE 25-7 
7.5% C12 LAS 
7.5% Propylene Glycol 
7.5% Ethyl Alcohol 

0,25-5.0% Protease 
q s, H20 (pH = 7,8) 

. . . . . . . . . . . .  I I 
6 12 18 

Time. Days at 37°C 
24 

FIG. 1. Stability of p. rotease in laundry liquids as a function of initial 
protease concentration. 

Protease Stability in Anionic Surfactant Systems 

Protease stability in the presence of 30% anionic surfactants 
formulated into a laundry liquid formulation are shown in 
Table IV. The use of a single surfactant in these formula- 
tions is not representative of commercial laundry liquids 
where nonionic/anionic surfactant blends are used. Also, 
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T A B L E  IV 

Protease  Stabi l i ty  in Presence  o f  A n i o n i c  Sur fac tant s  a 

T A B L E  V 

Protease  Stabi l i ty  in Presence  o f  N o n i o n i c  S u f f a c t a n t s  a 

% Protease stability at 37 C 

Surfactant 3 days 14 days 

% Protease stability at 37 C 

Surfactant 3 days 14 days 

C 12 LAS 0 -- 
C t4-16 A O S  0 - 
S X S  O - 
Cts _tTPS 0 - 
AE 25-3 Sulfonate 39 29 
AE 25-16 Sulfonate O - 
SDS O -- 
C 12-1s AS 0 - 

AE 25-3S 95 88 
AE 25-3A 44 19 

aFormulation: surfactant, 30%; ethyl alcohol, 10%; protease, 1.0%; 
water buffered to pH - 7.8, 59%. 

these formulations did not  contain enzyme stabilizers. 
However, they served the purpose of assessing the relative 
capabilities of surfactants to  provide enzyme stability. Sta- 
bil i ty data using more realistic formulations containing sur- 
factant blends and stabilizers are discussed below. 

The data listed in Table IV show that  sulfonate-containing 
surfactants strongly deactivate protease. Results with the 
two alcohol ethoxysulfonates suggest that  there may be 
a polyoxyethylene chain length which provides optimal 
enzyme stability for these types of  surfactants, since AE 
25-3 sulfonate provided some protease stability while 
AE 25-16 sulfonate provided none. 

The two alcohol sulfates, SDS and C121s AS, also were 
strongly deactivating toward protease in line with data  in 
the l i terature (4,5) for this type of  surfactant. 

The only anionic tested which provided high levels of  
protease stabili ty was AE 25-3S, the sodium salt of  C12-~s 
alcohol 3 EO sulfate. Apparently,  the intervention of 3 EO 
units between the alcohol and sulfate moieties produces an 
anionic surfactant which does not  deactivate protease. The 
mechanism of  enzyme deactivation and protect ion against 
deactivation in the presence of  these surfactants currently 
is not  understood,  but  may involve the size and configura- 
t ion of surfactant micelles which entrap the enzymes in 
protective or non-protective environments (4). 

Interestingly, AE 25-3A, in which the sodium ion has 
been replaced by ammonium ion, provides considerably 
poorer protease stability compared to AE 25-3S. 

Protease Stability in Alcohol Ethoxylate Surfactant 
Systems 

Table V lists protease stabili ty data for laundry liquids con- 
taining alcohol ethoxylates.  These data show that alcohol 
ethoxylates  having varying hydrophobic  and hydrophil ic  
chain lengths provide good protease stabilities in these liquid 
systems. There does not  appear to be an appreciable effect 
of hydrophobe  or hydrophile  chain lengths, although 
alcohol ethoxylates  with EO chain length from 12-18 may 
afford slightly less enzyme stability than those having EO 
chain lengths from 6-9. 

Protease Stability in Surfactant Blends 

Most commercial laundry liquids contain blends of alcohol 
e thoxylates  with either alcohol ethoxysulfates or linear 
alkylbenzene sulfonates. Table VI lists protease stability data  
using 30% surfactant formulations in which the nonionic, 
AE 25-7, is replaced systematically with increasing levels of 
anionic. As shown, at all levels of  replacement studied, C12 
LAS provided considerably poorer enzyme stability than 

None 34 O 
AE 91-6 96 81 
AE 25-7 100 86 
AE 25-9 100 87 
AE 25-12 92 76 
AE 25-18 100 75 
Propylene glycol 100 100 

aFormulation: surfactant, 30%; ethyl alcohol, 10%; protease, 1.0%; 
w a t e r  buffered to pH = 7.8, 59%. 

T A B L E  Vl 

Protease  Stabi l i ty  in Presence  o f  S u r f a c t a n t  B l e n d #  

% Protease stability at 37 C 
Surfactam blend 1 day 7 days 

AE 25-7 88 76 
AE 25-7/C1~ LAS = 3/1 76 19 
AE 25-7/C m LAS = 1/1 19 - 
AE 25-7/C12LAS = 1/3 0 - 
C m LAS O - 
AE 25"7/AE 25"3S = 3/1 100 100 
AE 25"7/AE 25"3S = 1/I 93 90 
AE 25-7/AE 25-3S -- 1/3 100 100 
AE 25"3S 100 90 

aFormulation: surfactants, 30%; ethyl alcohol, 10%; protease, 1.0%; 
w a t e r  buffered to pH = 7.8, 59%. 

AE 25-3S. The effect of increasing the C12 LAS content 
was to more rapidly deactivate protease. Increasing the AE 
25-3S content had no effect on protease stabili ty in this 
test with 90-100% stability achieved at all levels of  AE 25-3 S 
replacement. 

Effect of Formulation pH on Enzyme Stability 

Figures 2 and 3 show the effect of  formulation pH on pro- 
tease and amylase stabilities, respectively, using a formu- 
lation containing AE 25-7 and AE 25-3S as the surfactant 
system and pH levels of  5, 7.5 and 9. Unbuilt commercial 
U.S. laundry liquids generally have pH levels ranging from 
7-9. As shown, there were no appreciable differences in 
both  protease and amylase stabilities at pH levels of 7.5 or 
9 using these surfactant systems. However, protease and 
amylase stabilities were extremely poor at a pH of  5. The 
trend toward lower enzyme stabilities with decreasing pH 
in the pH region studied is well known (7). 

Effect of Surfactant Type and Concentration on Enzyme 
Stability 

Figures 4 and 5 show the effect of total  surfactant concen- 
trat ion and anionic type on protease and amylase stabilities, 
respectively. Surfactant levels ranged from 20-40% in 3/1 
AE 25-7/anionic systems where the anionic was either C12 
LAS or AE 25-3S. As shown in Figure 4 for protease sta- 
bili ty,  surfactant systems containing AE 25-3S provided 
essentially equivalent and high protease stabilities over the 
20-40% surfactant concentrations studied. In contrast, the 
Ct2 LAS-containing systems provided much poorer protease 
stabilities, which decreased as the level of  LAS increased. 

The effect of  these surfactant systems on amylase sta- 
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100 

80 

60 

Protease 
Stability, 

% 

40 .... ~ \pH 
5.0 

. . . . . . . . . . .  q 

\ i 7.s0/o A~2S-3S 
20 - ~ [10.0% EthylAlcohol I 

t 1"0°/° Protease I 
59.0% H~O i 

0 1 
7 14 

Time, Days at 37°C 

F IG.  2. E f f ec t  o f  pl t  on stability of  protease in laundry liquids con- 
talning AE and AES. 

100 

80 

60 

Amylase 
Stability, 

% 
40 

20 

~ p H  = 9,0 

\ I 7s0/0 AE2S-35 
- -  \ ] 10.0%o Ethyl Alcohol 

f¢l I 1.0% Amylase 
[ 59~)% H20 j 

0 7 14 
Time, Days at 37°C 

FIG. 3. Effect of pH on stability of amylase in laundry liquids con- 
taining AE and AES. 

bilities is shown in Figure 5. These results show much 
greater amylase stabilities using surfactants systems contain- 
ing AE 25-3S than Cz2 LAS. However, with the systems 
containing AE 25-3S, there appears to be a slight amylase 
deactivating effect, because there is a downward trend 
in stabilit 3, with increasing AE 25-7 and AE 25-3S concen- 
trations. 

Stabilized Versus Unstabilized Laundry Liquids 

The use of polyols and lower aliphatic acid salts like formate 
and acetate to stabilize enzymes in laundry liquids has been 
described recently in a number of patents and patent appli- 
cations (8-12). A brief study was made of the effect of pro- 
tease stability of propylene glycol and sodium formate, two 
of the stabilizers mentioned in these patents. Surfactant 
systems contained 3/1 AE 25-7/anionic blends at total sur- 
factant levels of 30%. C12 LAS and AE 25-3S were com- 
pared in both stabilized and unstabilized systems. As shown 
in Figure 6, stabilized systems were less deactivating than 
unstabilized systems with the effect of stabilizers more 
pronounced for the LAS-containing systems. However, 
unstabilized AE 25-3S systems afforded as much enzyme 
protection as Cz2 LAS in stabilized systems. 

60 - -  ~ AE 25-7/AE 25-3S = 40% 

\ 
Amylase x .  r--" - ~ o r m u l a ~  --I 

5.ab,,,ty.%  O-o00/oAEi n,.  ,,I 
4 0 -  ~ / 10.0% EthylAIcohol t 

N I t .o% A,,',yla~e l 

2 o  - 

AE ZS 7 ~  = 20,30,40% 

o I 
0 3.5 

Time, Days at 37°C 

FIG. 5. Effect of  surfactant  type  and concentration on stability of  
amylase in laundry liquids. 
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10,0% E t ~ i  10 ~ ~  LA5 =,o%'~" 
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L 
3.5 

Time, Days at 37°C 

100 

80 

60 

Protease 
Stability, % 

40 

20 

] 
I 

Stabilized 

Unstabitized Formulation 

30.0% AE/Anionic (3/1) 
7.5% Ethyl AIcohol 
1.0% Protease 
q.s. HzO 

Stabilizers 
7.5% Propylene Glycol 
1.0% Sodium Formate 

/ V t 
Unstabilized ~ ~ /  

O (D AE 25-7/AE 25-35 
A • AE 25-7/C12 LAS 

6 12 18 24 
Time, Days at 37°C 

FIG. 4. Effect of surfactant type and concentration on stability of 
protease in laundry liquids. 

FIG. 6. Effect of AES and LAS on protease stability using stabilized 
and unstabilized laundry liquids. 
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Figure 7 shows protease stability in commercial enzyme- 
containing laundry liquids. As shown, the liquids containing 
alcohol ethoxylates and alcohol cthoxysulfates provided 
greater protease stability than those liquids in which LAS 
was one of the components-in line with the rcsuhs de- 
scribed above. 

Detergencies of Protease-Containing Liquids 

The results of a brief study comparing the detergency per- 
formanee of laundry liquids containing levels of protease 
varying from 0-2% are shown in Table VII using radiolabeled 
blood and EMPA 116. The radiotabeled swatches were eval- 
uated by both radiotracer and reflectance techniques. As 
shown, the radiotracer and reflectance methods gave similar 
results in showing the effect of protease on proteinaceous 
soil dcte~ency. The radiotracer method appears to have 
promise m being more discriminating than reflectance 
methods for distinguishing effects at varying protease levels. 

80 

40 

60 

Protease 
Stability, 

% 

20 

10 

i 

Liquid 1 Liquid 2 Liquid 3 
(AE/AES) IAE/LAS/AES) (AE/LAS) 

FIG. 7. Protease stability of commercial laundry liquids stored a t  
37 C for 24 days. 

TABLE Vll 

Detergencies of s9 Fe Blood Stained Swatches 

24 

20 

16 

AR 12 

g 

I Unstabilized Fotmul~t/on ] / 
30.0% AE25-7/AE25-35(3/1) | / "  

1 10.0% EthylAlcohol | 
- -  |O & 1.0% Protease | / i . a  

L q,s. H~O . .J / 

I 1 ........... I 
7 8 g 

Water pH 
10 

FIG. 8. EMPA 116 detergency as a function of washwater pH and 
protease. 

is a much larger detergency increase as pH increases from 
6-10, with no maximum observed in this pH range. These 
results are in agreement with those reported by Cayle using 
a different protease (13). The pH effect on soil removal 
with protease is largely a result of increased enzyme activity 
at the higher pH levels used in this study. 

Stability of Protease in Laundry Liquids as Determined 
by EMPA 118 Detergency 
Figure 9 shows EMPA 116 detergency as a function of pro- 
tease remaining after accelerated testing at 37 C. As shown, 
EMPA 116 has the capability of distinguishing between 
formulations where protease stability varies from zero to 
100%, with poor discrimination in the 25-75% stability 
range. The radiolabeled blood swatch will be investigated in 
future studies in an attempt to discriminate between varying 
stability levels of protease in this stability range. 

Detergency 

Formulation %w Protease %w Soil removeda AR b AR c 

I d 0 26 2.2 14.2 
1 d 0.5 29 4.0 22.7 
1 d 1.0 31 4.5 21.4 
1 d 2.0 34 5.1 23.7 

LSDg s 3.1 1.0 1.3 

aBy scintillation counting s9 Fe before and after washing. 
bBy reflectance measurements before and after washing s9 Fe swatch. 
CBy reflectance measurements before and after washing EMPA 116. 
dFormutation: AE 25-7, 22.5%; C12 LAS, 7.5%; ethyl alcohol, 7.0%; 
protease, 0-2.0%; H 20 (pH = 7.8), q.s. 

Effects of Washwater pH on Proteineceous Soil Removal 

Figure 8 shows effects of washwater pH on EMPA 116 
detergency using laundry liquid formulations in the presence 
and absence of protease. As shown, in the absence of pro- 
tease, detergency increases moderately as washwater pH 
increases from 6-10, reaching a maximum level at approxi- 
mately pH 8-9. In the presence of protease, however, there 

6 
AR 

20 

0 

948 

1 0 :  °rmulati°n 
I 30% AE ~S-7 

LSDg 5 = 09 C12 LAS 
10% Ethyl Alcohol 

/ 1.0% Protease 
L 49% H20 

25 50 75 100 
% Protease Lost 

FIG. 9. EMPA 116 detergencies using enzyme-based laundry liquids 
after stability tests at 37 C. 
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&Multi-Functional Polyacrylate Polymers in Detergents 
M.K. NAGARAJAN, B F Goodrich Chemical Group, Technical Center, Dept. 5013, 
P.O. Box 122, Avon Lake, OH 44012 

ABSTRACT 
Alkali metal salts of  polyactylic acids are water-soluble, multi- 
functional polyelectrolytes which exhibit a variety of  solution prop- 
erties useful in laundry and dishwashing detergents. This paper 
describes a number of studies carried out to identify the multi- 
functionality of polyacrylates under simulated detergent use condi- 
tions. Solution properties of several commercially available poly- 
acrylates, with average molecular weight ranging from about 2500 
to 250,000, are presented. These include: adsorption onto model 
particulate soil materials and fabrics, particulate soil and lime-soap 
dispersancy, sequestration of calcium, magnesium and ferric ions, 
calcium carbonate precipitation inhibition, buffer action and deter- 
gency. Where appropriate, these solution properties are compared 
with those of commonly used non-polymeric detergent ingredients. 

INTRODUCTION 

Alkali metal salts of polyacrylic acids are water-soluble, 
multi-functional polyelectrolytes exhibiting a variety of 
solution properties useful in laundry and dishwash detergent 
compositions. These polyacrylates contain anywhere from 
10 to upwards of 4000 repeating monomer units having the 
structural formula: -CHz'CH(COO )-. Historically, the use 
of sodium polyacrylates as thickeners and builders in syn- 
thetic detergents has been suggested (1) as early as in 1949. 
At about the same time, Edelson and Fuoss, (2,3) used 
sodium polyacrylates as model compounds in their basic 
studies illustrating the fundamental differences between 
such polyelectrolytes and simple electrolytes as sodium 

1presented at the 75th Annual AOCS Meeting, Dallas, 1984. 

bromide. However, large scale commercial use of sodium 
polyacrylates in synthetic detergent compositions probably 
did not come into effect until almost two decades later, as 
is evident from recently published reviews (4,5) on patents 
literature. In spite of this growing industrial use of poly- 
acrylates in both commercial and institutional cleaner prod- 
ucts, the published literature on the diverse functional 
benefits they confirm upon the end-use performance of 
a compounded detergent product is, at best, scanty (6-9). 
This paper describes a number of experimental studies 
carried out to identify the multi-functional benefits of these 
specialty detergent additives under simulated detergent-use 
conditions, and the likely role played by polyacrylates in 
basic detergency mechanisms. 

EXPERIMENTAL PROCEDURES 

Materials 

Polyacrylic acids used in this study were selected from the 
range o f  commerc ia l  (BF Goodr ich  Chemical )  materials,  
whose  analyt ical  characterist ics are shown in Table  I. These 
were  conver ted  to thei r  corresponding sodium salts by neu-  
t ra l izat ion wi th  sodium hydrox ide  to  pH 10.5 a n d w e r e  used 
wi thou t  fur ther  purif icat ion.  Polyacryla te  concent ra t ions  
given in this repor t  are on dry po lymer  basis. Details on 
o the r  materials  and reagents are given under  appropr ia te  
exper imenta l  procedures  described be low.  

Adsorption Isotherms 
Comple te  detai ls  of  the  m e t h o d  will  be  publ ished elsewhere 

TABLE I 

Analytical Characteristics of Polymeric Polyacrylates 

Trade name 

Molecular weight (by GPC) 

Weight-avetage (M w ) Number-average (M n) 

Total 
solids 

(%) 

Good-rlte@ K-752 2,100 
Good-rite@ K-732 5,100 
Good-rite® K-XP 10 5,500 
Good-rite@ K-XP 11 20,000 
Good-rite@ K-XP18 60,000 
Good-rite@ K-722 170,000 
Good-rite@ K-702 240,000 

1,000 
2,100 
2,000 
5,300 

14,000 
21,000 
39,000 

63 
50 
40 
40 
35 
37 
25 

pH 
1% aqueous 

solution 

3.1 
2.8 
7.6 
9.1 

10.0 
3.3 
3.0 
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